1. This paper reports an investigation of whether the dipeptides glycylsarcosine and L-glutamyl-Lglutamic acid share a single mediated transport mechanism into hamster jejunum, or whether one of these peptides is transported in part by a transport mechanism unavailable to the other. It describes the kinetics of influx of glycylsarcosine and of L-glutamyl-L-glutamic acid into rings of everted hamster jejunum in vitro, incubations being carried out at p H 5 in order to minimize brushborder and intra-medium hydrolysis of L-glutamyl-L-glutamic acid, so that peptide transport rather (Received 13 March 1978; accepted 24 July 1978) than a mixture of peptide transport and transport of free glutamic acid was studied. With glycylsarcosine, brush-border and intra-medium hydrolysis are negligibly small.
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2. Estimates of the simple diffusion component in transport of each peptide were made by treating each of the substrates as a competitive inhibitor of its own mediated transport (assuming that mediated transport conforms to simple MichaelisMenten kinetics), extrapolating the observed inhibitory effect over a range of concentrations to an infinitely high concentration of inhibitor, and estimating the transport component remaining at such a concentration. This component in transport would be expected to represent transport by simple diffusion, and this assumption was supported by the observation that for glycylsarcosine the uninhibitable component in transport was linearly Correspondence: Professor D. M. Matthews, Department of Experimental Chemical Pathology, Vincent Square Laboratories of Westminster Hospital, 124 Vauxhall Bridge Road, London SWlV 2RH.
proportional to substrate concentration; with Lglutamyl-L-glutamic acid the observations were too few to provide this demonstration. Estimates of apparent K , and V,,,. for mediated transport of both peptides are given. Before correction for simple diffusion, linearizing plots were clearly biphasic for both peptides; after correction for simple diffusion, they became linear, providing no evidence for transport of either peptide by more than one mediated transport system, though not excluding the possibility of multiple systems.
Measurement of influx of [14C]
Gly-Sar over a range of concentrations both alone and in the presence of a constant concentration of Glu-Glu showed that after correction for the non-mediated component in influx of Gly-Sar (simple diffusion), influx of this peptide conformed to MichaelisMenten kinetics and the inhibitory effect of GluGlu on influx of Gly-Sar appeared to be competitive. The extent of inhibition corresponded well with that predicted from the Kt values of the two peptides.
Measurement of influx of [l4C1Gly-Sar
(1 mmol/l) in the presence of a range of concentrations of Glu-Glu, with extrapolation of the inhibitory effect of Glu-Glu to an infinitely high concentration of this peptide, showed that at such a concentration mediated influx of Gly-Sar was completely abolished, influx being reduced to the simple diffusion component in total influx of [I4C1Gly-Sar. Measurement of influx of [14ClGlu-Glu (1 mmol/l) in the presence of a range of concentrations of GlySar, with extrapolation of the inhibitory effect of Gly-Sar to an infinitely high concentration of this peptide, showed that at such a concentration mediated influx of Glu-Glu was completely
Introduction
Two substrates which inhibit mediated transport of each other may have at least one uptake mechanism in common. In addition each substrate may be transported by a system or systems not available to the other. To investigate the latter possibility, it is a valuable approach to determine whether or not each substrate is capable of complete inhibition of mediated transport of the other (Sleisenger, Burston, Dalrymple, Wilkinson & Matthews, 1976) . This can be done by observing the effect on transport of inhibited substrate A of extrapolation to infinitely high concentrations of inhibitor substrate B, and vice versa. If, however, simple diffusion is an appreciable component im total transport, it is necessary to measure this component, since without knowing the contribution of simple diffusion to total transport, one cannot estimate the extent to which mediated transport can be inhibited. In this paper we describe an investigation of the magnitude of the simple diffusion component in influx into hamster jejunum in vitro of two dipeptides, glycylsarcosine (Gly-Sar) and L-glutamyl-Lglutamic acid (Glu-Glu), with a method that appears to be more satisfactory than those generally known (Neame & Richards, 1972) . We also report an investigation of the possibility that one of these peptides is transported in part by a mediated system which is unavailable to the other. The experiments were carried out at pH 5.0 instead of the traditional pH 7.2 or 7:4, since the lower pH was found to minimize brush-border and/or intramedium hydrolysis of Glu-Glu (Burston, Marrs, Sleisenger, Sopanen & Matthews, 1977) , thus largely obviating complications resulting from influx of free Glu released from the peptide in the brush border or in the incubation medium. [GlySar is so resistant to hydrolysis (Addison, Burston & Matthews, 1972 ) that brush-border hydrolysis may be ignored.]
Materials and methods
[14C1Gly-Sar was kindly synthesized by Dr S. Wilkinson as described earlier (Addison, Burston, Dalrymple, Matthews, Payne, Sleisenger & Wilkinson, 1975 
Experimental procedure
The experimental procedure and measurement of influx (2 min uptake) into rings of everted hamster jejunum were as previously described Sleisenger et al., 1976) , with the following exceptions. Incubations were carried out in a Tris/phosphate/saline medium (Reiser & Christiansen, 1973) , adjusted to pH 5.0 at 37OC with isotonic citric acid. Solutions containing Glu-Glu were brought to pH 5.0 by the addition of isotonic Tris solution and a small quantity of NaOH.
After removal from the incubation medium rings were rinsed in NaCl solution (154 mmol/l) at 4OC and, after blotting on hard filter paper (Whatman no. 50), were eluted for 5 min in 1 ml of sulphosalicylic acid (0.24 mol/l) (60 g/l) at 100°C. This method elutes amino acids and peptides completely without significant hydrolysis or other Burston, unpublished work) . After centrifugation 0.5 ml of supernatant was added to 15 ml of 1P-dioxanbased scintillation fluid and radioactivity was measured in a liquid scintillation spectrometer (Packard Tricarb model 3380).
Influx was expressed as pmol min-I g-l initial wet wt. after correction for peptide in the inulin space (Cheng, Navab, Lis, Miller & Matthews, 1971) . All estimates of influx were made from the mean value of measurements of influx into at least six rings, one from each of six animals. The SEM of influx was usually about 10%. The use of inulin to estimate the extracellular compartment over short time periods may be criticized on the grounds that inulin probably diffuses less rapidly than the substrates whose uptake is studied; however, we investigated the relationship of inulin space to incubation time and found no significant increase in inulin space between 2 and 5 min incubation.
Estimation of self-inhibition of transport and of

non-mediated transport
A substrate whose transport is mediated and therefore saturable may be treated as a competitive inhibitor of its own transport (Neame & Richards, 1972; Christensen, 1975 ). An example of this treatment is given by Sopanen, . In general terms, if transport is measured at two concentrations, a lower concentration S , and a higher concentration S,, V, (uninhibited velocity of transport) at S, is obtained by direct measurement. V, (inhibited velocity of transport) at S , in the presence of an inhibitor concentration of S , -S , is given by V, at S , (observed velocity at the higher concentration) x S,/S,. It should be noted that this procedure is equally valid whether or not the substrate is labelled. To give a numerical example: suppose transport is measured at 10 mmol/l and at 100 mmoV1, V, at 10 mmol/l, velocity of transport in the absence of inhibitor, is obtained by direct measurement. V, at 10 mmol/l, velocity of transport in the presence of inhibitor (100 mmol/ 1 -10 mmol/l) = 90 mmol/l is given by V, at 100 mmol/l x 10/100.
Having obtained a number of estimates of V, and Vi over a range of concentrations, an estimate of non-mediated transport may be obtained as follows. The Preston-Schaeffer-Curran plot (Preston, Schaeffer & Curran, 1974) of the reciprocal of 1 minus VJV, against the reciprocal of I, where I is the concentration of inhibitor (Fig. 3) , or some similar plot (Inui & Christensen, 1966; Reinhold, Shtarkshall & Ganot, 1970 ) is used to extrapolate the inhibitory effect to an infinitely high concentration of inhibitor. Provided that mediated transport of the substrate obeys simple MichaelisMenten kinetics, a linear plot will be obtained, and if transport is 100% mediated, the line will cut the vertical axis at 1.0, indicating that at an infinitely high inhibitor concentration, transport is completely inhibited. If transport includes a nonmediated component, the line will cut the vertical axis at some point higher than 1-0, from which the proportion of transport which is non-mediated can be determined. Obviously, at an infinitely high substrate concentration, mediated transport of any finite concentration of that substrate must be completely inhibited. Consequently, any component of transport remaining at an infinitely high substrate concentration must be non-mediated, and thus can only represent simple diffusion.
Results
Influx of [l4C1Gly-Sar was measured over the concentration range 0.125-100 mmol/l (Fig. 1) . Lineweaver-Burk, Hanes and Hofstee (Sleisenger et al., 1976) (Fig. 2) plots showed that influx did not conform to simple Michaelis-Menten kinetics, suggesting that two distinct components were involved in transport. Calculation of the uninhibitable non-mediated component of influx (VJ at several values of V,, using the concept of selfinhibition and the Preston-Schaeffer-Curran plot as described above (Fig. 3) , showed that this was directly proportional to concentration over the range 0.125-10 mmol/l (Fig. 4) . It amounted to 0.064 pmol min-' g-' at a substrate concentration of 1 mmol/l (Table l) total transport, while at 10 mmol/l it was 46% of total transport (Figs. 1 and 3) . The values obtained as described above agreed well with values for nonmediated transport obtained by the simple graphical method described by Neame & Richards (1972) , in which a line is drawn through the origin of the rate/concentration graph parallel to the part of the observed rate/concentration curve where this becomes virtually linear at very high concentrations (Fig. 1) . The influx/concentration curve was corrected for the non-mediated component in total transport by subtracting appropriate values based on the assumption that this component was 0.064 pmol min-' g-I per mmol/l as calculated above, and that the non-mediated component was linearly related to concentration over the entire range (0-125-100 mmol/l) as simple diffusion would be expected to be. When this had been done, the Lineweaver-Burk and other linearizing plots became straight (Fig. 2) , providing no indication that more than one component was involved in mediated transport of GlySar. Values for apparent K, and V,,,,,. are given in Table 2 . All three plots gave very similar values.
Influx of [14C1Glu-Glu was measured over the concentration range 0.125-20 mmol/l (Fig. 5) (the concentration range used did not go so high as for Gly-Sar owing to the more limited solubility of Glu-Glu). As with Gly-Sar, influx of Glu-Glu failed to conform to simple Michaelis-Menten kinetics (Fig. 6) . The non-mediated component in Glu-Glu transport was estimated by the self-inhibition method and found to be 0-035 pmol min-' g-' per mmol/l. It can be seen from the points in Fig. 5 that the simple graphical method of estimating the nonmediated component could not be satisfactorily applied to the curve obtained. When the rate/concentration curve was corrected for the nonmediated component, linearizing plots (Fig. 6) became straight, providing no indication that more than one component was involved in mediated transport of Glu-Glu. Values for apparent K, and Vmax. are given in Table 2 . As with Gly-Sar, quite similar values were obtained by the three different linearizing plots used.
Influx of [l4C1Gly-Sar was measured over a range of concentrations between 0.5 and 5.0 mmol/l both alone and in the presence of a constant concentration (1 mmol/l) of Glu-Glu. After correction for the non-mediated component of influx as already described, influx of Gly-Sar apparently conformed to Michaelis-Menten kinetics both in the absence and in the presence of Glu-Glu, and the inhibitory effect of Glu-Glu on influx of [ 14C]Gly-Sar appeared to be competitive (Fig. 7) . The extent of inhibition of influx of [14C1Gly-Sar by Glu-Glu agreed well with the expected inhibition predicted by the method of Finch & Hird (1960) , from the Lineweaver-Burk K , values given in Table 2 . For example, at a substrate concentration of 1 mmol/l, the observed inhibited influx was 52% of the uninhibited influx and the predicted inhibited influx 49% of the uninhibited influx; at a substrate concentration of 5 mmol/l, the observed inhibited influx was 69% of the uninhibited influx and the predicted inhibited influx 65% of the uninhibited influx.
Influx of [14CJGly-Sar (1 mmol/l) was measured in the presence of Glu-Glu (2-30 mmol/l). It was found that the Preston-Schaeffer-Curran plot suggested that the highest concentration of GluGlu caused a disproportionate reduction in influx of 114CIGly-Sar, the reason for which was not clear. The plot was, however, linear up to 20 mmol/l Glu-Glu (Fig. 8) , and extrapolation of the linear part of the plot to an infinitely high concentration of Glu-Glu showed that the uninhibitable component in influx of ['4C]Gly-Sar (1 mmol/l) amounted to 0.056 pmol min-'g-'.
This was similar to the value already obtained for the simple diffusion component in influx of [14ClGly-Sar (1 mmol/l), which was 0.064 pmol min-' g-'. A second estimation of the simple diffusion component in influx of ['4C]Gly-Sar (1 mmol/l), obtained by the same method as before but with a very much larger number of observations (Fig. 8) , gave a value of 0.062 pmol min-' g-I. It was concluded that mediated uptake of ['4ClGly-Sar (1 mmol/l) was completely inhibitable by an infinitely high concentration of Glu-Glu.
Influx of [14C1Glu-Glu (1 mmol/l) was measured in the presence of Gly-Sar (10-100 mmol/l). The Preston-Schaeffer-Curran plot indicated that the non-inhibitable component in influx of [14CIGlu-Glu was 0.040 pmol min-' g-l, a value similar to 
Discussion
Neame & Richards (1972) described several methods of estimating simple diffusion, all of them open to criticism. Reduction in temperature or the use of metabolic inhibitors or ionic changes such as Na+-replacement cannot be depended on to abolish mediated transport completely, and may alter the permeability characteristics of the membrane. The simple graphical method described by Neame and Richards and used by us in Fig. 1 would appear to be the most satisfactory of the methods described by these authors, if it is possible to raise the substrate concentration high enough to achieve a virtually linear part of the rate/concentration curve.
This, however, may not be possible, as with GluGlu, and, even if it is possible, it is difficult to be confident that the membrane ,will behave normally at extremely high concentrations of substrate. The advantage of the self-inhibition method is that no drastic procedure has to be adopted, and in the present work estimates of simple diffusion could be obtained over a quite moderate concentration range; it seems probable that the same would be true for other actively transported substrates. The observation that the non-mediated component in transport of Gly-Sar was directly proportional to concentration, showing a very precise linear relationship to it, is confirmatory evidence that what was being measured was in fact simple diffusion.
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Although the estimates of diffusion obtained in the present work are valid for the purpose for which they were intended, we wish to emphasize that they should not necessarily be assumed to represent the simple diffusion likely to occur under physiological conditions. We were surprised by the magnitude of the non-mediated component in transport in the present work. In previous work with Gly-Sar (Sleisenger et al., 1976) , with a similar system but at pH 7.2, simple diffusion was not noticed to be a significant component in influx, and linearizing plots of the rate/concentration curves did not differ perceptibly from straight lines. The apparent discrepancy is probably because in the earlier work the concentration range was narrower, the highest concentration of Gly-Sar being 20 mmol/l instead of 100 mmol/l as in the present work.
When the data of Sleisenger et al. (1976) were re-examined as in the present work, Gly-Sar being treated as an inhibitor of its own transport, evidence for a diffusion component in influx was obtained. This was 0.038 pmol min-'g-' at a medium concentration of 1 mmol/l. Correction of data of Sleisenger et al. for this component gave lower kinetic constants than those previously published. The revised values, uncorrected for the unstirred layer, were K, 5 -3 mmol/l, V,,,,,. 1.8 pmol min-' g-I. The difference in the estimates of the value of diffusion at the two pH values may be due to a difference in the charge on the peptide. At pH 7.2 Gly-Sar carries a net negative charge, which would be expected to retard diffusion (McLaughlin, 1977) , whereas at pH 5.0 it carries a net positive charge.
The observation that, in the present experiments, simple diffusion of Glu-Glu is substantially less than that of Gly-Sar is compatible with the larger molecular volume of the former peptide and its net negative charge at pH 5.
It is of interest that when the rate/concentration curves for the two peptides studied were corrected for simple diffusion, the linearizing plots became straight, providing no evidence of more than one mediated component in transport, though we appreciate that the kinetic parameters of multiple mediated transport processes must vary widely before such plots become obviously non-linear (Christensen, 1975) , and the possibility of multiple shared transport systems cannot be excluded. Possibly the fact that no correction was made for simple diffusion might explain the two-component Hofstee plot obtained by Rubino, Field & Shwachman (1971) in their study of influx of Gly-Pro into rabbit ileum. In this connection, it may be relevant that Atkins & Gardner (1977) have examined many published data for kinetics of intestinal absorption of amino acids and sugars. They found that in about half the cases the simple Michaelis-Menten function was the best fit. In some cases, the best-fit model included a Michaelis-Menten function plus a linear term, but in none was the sum of two Michaelis-Menten functions the best fit.
The results show that mediated influx of [ 14C IGly-Sar (1 mmol/l) can be completely inhibited by an infinitely high concentration of GluGlu, since such a concentration reduces total influx of [14C1Gly-Sar to a value approximately equal to the value of the simple diffusion component in [l4C1Gly-Sar influx. In other words, influx of GlySar may be inhibited as completely by Glu-Glu as by Gly-Sar itself. The observation that the inhibitory effect of Glu-Glu on the mediated component in influx of [I4C1Gly-Sar appears to be competitive is compatible with the conclusion that GlySar and Glu-Glu share a common uptake mechanism. The results also suggest that mediated influx of [14C]Glu-Glu (1 mmol/l) can be completely inhibited by an infinitely high concentration of GlySar; in other words, influx of Glu-Glu may be inhibited as completely by Gly-Sar as by Glu-Glu itself. The results are compatible with the conclusion that Gly-Sar and Glu-Glu are taken up by the absorptive cells by a single mediated mechanism, though they do not exclude the possibility that these two peptides share more than one mediated uptake system. They do appear, however, to exclude the possibility that at the substrate concentration used, 1 mmol/l, there is appreciable uptake of one peptide by a mediated system which is not available to the other. In every respect these conclusions are analogous to those reached by Sleisenger et al. (1976) with Gly-Sar and Gly-SarSar.
The observation that the inhibition of influx of 114ClGly-Sar by Glu-Glu is predictable from the respective K, values for the two peptides is one which appears to agree with the hypothesis that the two peptides are taken up by a single mediated mechanism, but in our opinion little weight should be attached to evidence of this sort, in view of the large experimental errors involved in the determination of kinetic constants and the uncertainties introduced by the effect of the unstirred layer on observed K, values (Winne, 1973; Parsons, 1976; Sleisenger et al., 1976) .
There are now several suggestions or definite claims in the literature that intestinal absorption of small peptides involves more than one mucosal uptake system Lane, Silk & Clark, 1975; Gupta & Edwards, 1976; Burston et al., 1977; Fairclough, Silk, Clark, Matthews, Marrs, Burston & Clegg, 1977) , although Das & Radhakrishnan (1975) have proposed that there is no more than one.
Initiation of the present work was prompted by the suggestion from this laboratory that neutral, acidic and basic peptides might be taken up by separate systems as with free amino acids. The present results, however, have produced no evidence that this suggestion holds good for the two dipeptides studied.
